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I 
INTRODUCTION 
Since 1942 the availability of many chemical insecticides at a low 
cost has increased the usage of chemicals in an attempt to control insect 
pest populations. Although these insecticides are usually effective in 
reducing the insect population, their use sometimes results in undesir­
able side effects. For example, the effect of insecticide residues upon 
wildlife, domestic animals, and humans has concerned many people and 
various organizations in recent years. 
Entomologists are constantly searching for new methods of control­
ling insect pests. The ideal method of control would be effective in 
reducing the insect population, selective in its action on a particular 
species, relatively harmless to other life, inexpensive, and simple to 
use. One novel method of control recently introduced involves releasing 
males that have been "sterilized" by exposure to ionizing radiations into 
the natural population. These males, when mated to normal females, pro­
duce embryos which fail to develop normally, thereby reducing the number 
of individuals in the next generation. 
The purpose of this dissertation is to evaluate, under laboratory 
conditions, the possibility of using this "sterile-male technique" as a 
means of controlling the European corn borer, Ostrinia nubilalis Hbn. 
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REVIEW OF LITERATURE 
Genetic Background 
It has been known for some time that ionizing radiations cause a 
reduction in the fertility of insects. Runner (1916) reported a reduc­
tion in the progeny of cigarette beetles (Lasioderma serricorne Fabricius) 
which had been exposed to X-rays, and Mul1er (1927) noted that irradiated 
Drosophila showed a much higher mutation rate than normally appeared in 
nature. 
Some of the types of mutations which can be induced by ionizing 
radiations are called dominant lethals. Sperm which possessed these dom­
inant lethals were capable of fertilizing normal eggs, but the embryos 
usually died before reaching the adult stage. Dominant lethals have been 
induced in the sperm of Drosophila by Gowen and Gay (1933)» Sonnenblick 
(1940), Demerec and Fano (1944), Catcheside and Lea (1945), and Edington 
and Randolph (1958). Catcheside (1948) and Lea (1956) have reviewed in 
detail the literature on this subject. 
The artificial induction of dominant lethals and other mutations 
by ionizing radiations has received much attention from geneticists since 
Mul1er's work, but only in recent years have entomologists realized that 
therein lies a possible method of insect control. 
Theory and Concepts of the "Sterile-Male Technique" 
Knipling (1959) in 1937 first considered the use of ionizing radi­
ations as a means of controlling insect pests, but it was not until 1950 
that a research program was initiated. Knipling (I960) listed four ways 
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that an insect could be utilized to control its own population level. 
1. The release of irradiated males carrying dominant lethals into 
the natural population. 
2. The application of a chemical sterilant on the natural popula­
tion. 
3. The development and release of strains of insects possessing 
inferior or lethal genetic characteristics. 
4. The release of infected insects to spread pathogens among the 
natural population. 
To insure optimum benefit from the release of irradiated males into the 
natural population Knipling (1955) suggested the following criteria: 
"I. A method of mass rearing of the insect must be available. 
2. Adequate dispersion of the released sterile males must be 
obtained. 
3- The sterilization procedure must not adversely affect the mating 
behavior of the males. 
4. The female of the insect to be controlled must normally mate 
only once, or if more frequent matings occur the sperms from 
gamma-irradiated males must compete with those from fertile 
males. 
5. The population density of the insect must be inherently low or 
the population must be reduced by other means to a level which 
will make it economically feasible to release a dominent pop­
ulation of sterile males over an extended period of time." 
Knipling (1955) developed an interesting hypothesis on the effect 
of releasing sterile males into a natural population. He assumed that in 
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a stable population in which an equal number of each sex is present, if 
the released sterile males competed equally with the normal males and 
outnumbered the normal males by a ratio of two to one, the following 
theoretical decline in each subsequent generation could be expected. 
Theoretical 
Percent of population 
Number of Ratio of females of fertile 
Assumed natural released sterile to mated to females in 
population of sterile fertile sterile subsequent 
virgin females males males males generation 
1,000,000 2,000,000 2:1 66.7 333,333 
333,333 2,000,000 6:1 85.7 47,619 
47,619 2,000,000 42:1 97-7 1,107 
1,107 2,000,000 1807:1 99-95 < 1 
"Sterile-Male Technique" as a Method of Screwworm Control 
Preliminary studies by entomologists of the United States Department 
of Agriculture on the population dynamics, rearing methods, mating habits, 
and biology of the screwworm, Callitroga hominivorax (Cqrl.), indicated 
that this insect might be suited to a "sterile-male technique" method of 
control. Actually the "sterile-male" was not sterile; the data collected 
agreed with genetic literature on dominant lethals (Bushland and Hopkins 
1953). 
Bushland and Hopkins (1951, 1953) found adult fertility was reduced 
to a sterility level when 5-day old pupae were exposed to 5>000r of 
either X-rays or gamma-rays. They observed that a ratio of two treated 
males to one normal male in a cage with normal females decreased the num­
ber of eggs hatched by approximately two-thirds. These results, under 
laboratory conditions, were promising enough to warrant further investiga­
tion. Tests were conducted on the islands of Sanibel and Curaçao to 
evaluate the technique under natural conditions. The release of 400 
treated males per square mile per week on Curaçao resulted in approxi­
mately three or four "sterile" to each fertile insect, and eventual 
eradication of the natural population in four generations (Baumhover 
et aj_. 1955). 
Following the successful eradication of the screwworm from Curaçao, 
a 2,000 square mile test was conducted near Orlando, Florida in 1957-1958. 
In this test the insects were irradiated with 6,200r to 8,300r as 5-day 
old pupae and released at a rate of about 500 sterile males per square 
mile per week. Despite a high natural population, the percent of sterile 
eggs at the end of the eighth week varied between 25 and 42 percent, and 
during the twelfth week approached 70 percent (Baumhover £t a_L 1959)-
Later Knipling (I960) stated that the screwworm had been eradicated from 
Curaçao and the southeastern United States as the result of the "sterile-
male technique" method of control. 
Further references to the literature of dominant lethals in sperm and 
the "sterile-male technique" will be covered in the discussion section of 
this dissertation. 
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METHODS AND RESULTS 
Collection and Maintenance of the Corn Borers 
Corn borers used in this study were collected as diapausing larvae 
during the fall of 1959 and I960. In 1959 larvae were dissected from 
field corn in New Jersey and shipped to the Corn Borer Investigations Lab­
oratory, Ankeny, Iowa. In I960 larvae were collected in north central 
Iowa by placing strips of corrugated paper inside the "screening" bins of 
a seed corn plant. The strips, into which the larvae had crawled to 
hibernate, were collected at regular intervals and taken to the Ankeny 
laboratory. 
When received at the Ankeny laboratory, larvae from both sources were 
carefully inspected and the dead, apparently diseased, and injured, were 
discarded. The larvae were then placed in individual glass vials (Figure 
1), each containing a strip of moist filter paper. The vials were plugged 
with insect screen, stacked in trays (Figure 2), and stored in a cold 
room (40° F.) until the following summer. Periodically during the winter 
and spring the larvae were sprayed with water. 
When experimental material was desired the following summer, trays of 
hibernating larvae were transferred to a walk-in incubator maintained at 
80° F. + 3° and between 75 and 85 percent relative humidity. The larvae 
required no food, but were sprayed with water once a week. Daily checks 
were made to remove any newly formed pupae. The pupae and the strips of 
filter paper were removed from the vials and placed in individual 2-ounce 
jars (Figure 3)« There were four reasons for this procedure: (1) Virgin 
females were used in all experiments, therefore, the sexes had to be 
Figure 1. (upper left) 
Figure 2. (upper right) 
Corn borer larvae isolated in individual vials. 
Note filter paper for supporting larvae and 
stratifying humidity. 
Larvae in storage isolated in individual vials 
preparatory to rearing. 
Figure 3* (bottom) Two-ounce jar used as emergence chamber. Note pupa 
and strip of filter paper for supporting newly 
emerged moth. 
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separated before adult emergence. (2) Since microscopic examination of 
the pupae was the only method of determining sex before adult emergence, 
isolation of each pupa eliminated this examination. (3) The large vol­
ume of the 2-ounce jars made it possible for the newly emerged adults to 
extend and dry their wings normally. (4) Visual examination of the 
adults in the jars provided a rapid and easy method of determining their 
sex. 
Pupation and Emergence of Untreated Corn Borers 
Daily records of pupation and adult emergence from four groups of 
untreated larvae (11,560 individuals) have been summarized in Table 1. 
The "1" under the column "Day of pupation" refers to those pupae that 
were found on the first day that pupation occurred, "2" refers to those 
pupae that were found on the second day after the initial pupation, and 
so forth. A majority of the larvae usually pupated within a 25-day span. 
Larvae that did not pupate within this period appeared abnormal and 
pupated erratically, if at all. Adult moths began to emerge 7 or 8 days 
after pupation and continued for 3 to 6 days from each age-group of 
pupae. 
Figure 4 shows the pattern of emergence of the female moths. The 
percent of females which emerged on any one day is shown by regression 
line 1. The males outnumbered the females in daily emergence during the 
early part of the emergence period, but there was a gradual shift in the 
sex ratio toward the conclusion of the emergence period when more females 
emerged each day than males. Regression line 2 represents the percent of 
females which emerged from a particular age-group of pupae. The 
Table 1. Pupation and adult emergence from four groups of untreated larvae3 
Day of 
Number 
of 
Number of adult moths emerging days after pupation 
7 "8 9 10 11 12 
F.b M.b F. M. F. M. F. M. F. M. F. M. 
Total 
adults 
F. M. 
Grand 
total 
adults 
1 54 1 1 3 6 11 19 0 3 0 1 0 0 15 30 45 
2 282 29 16 45 78 5 53 0 6 0 0 0 0 79 153 232 
3 339 19 14 31 58 39 84 11 53 0 1 0 0 100 210 310 
4 349 24 17 41 43 47 85 12 53 0 2 0 0 124 200 324 
5 246 9 2 29 13 52 58 9 55 3 3 0 0 102 131 233 
6 271 8 3 24 7 55 64 18 54 1 19 0 0 106 .147 253 
7 393 10 0 38 27 74 103 35 88 0 2 0 0 157 220 377 
8 411 9 1 24 30 77 72 45 117 1 14 0 0 156 234 390 
9 414 11 I 49 29 53 126 30 71 1 5 0 3 144 235 379 
10 538 7 0 104 59 65 181 15 44 11 13 2 6 204 303 507 
11 390 10 1 60 59 49 118 14 38 6 12 0 1 139 229 368 
12 284 3 0 28 13 57 96 19 27 1 13 0 1 108 150 258 
13 253 4 3 35 28 38 82 15 20 1 9 0 0 93 142 235 
14 389 3 0 57 17 78 124 22 41 1 11 1 2 162 195 357 
15 646 5 1 89 26 151 207 18 60 11 7 1 6 275 307 582 
16 501 16 0 41 32 97 142 15 16 13 16 1 5 183 211 394 
17 326 5 0 59 33 61 84 6 14 10 11 2 7 143 149 292 
18 155 0 1 23 4 35 45 1 10 5 2 4 5 68 67 135 
19 112 0 0 16 3 16 32 1 10 4 4 2 7 39 56 95 
20 66 0 0 11 3 17 19 0 1 0 0 0 4 28 27 55 
21 113 0 0 18 10 19 27 1 2 4 3 2 5 44 47 91 
22 95 0 0 24 5 16 18 0 0 4 0 6 5 50 28 78 
23 188 6 0 63 39 8 36 1 0 0 0 5 0 83 75 158 
. 24 130 9 0 38 31 7 14 1 2 0 1 0 0 55 48 103 
25 44 1 0 10 7 4 3 3 1 0 0 0 0 18 11 29 
Total 6989 189 61 960 660 1131 1892 292 786 77 149 26 57 2675 3605 6280 
aTota1 of 11,560 larvae 
female, H.= male 
Figure 4. Pattern of emergence of untreated female moths 
Regression line 1 - percent females which emerged on 
any one day 
Regression line 2 - percent females which emerged from 
a particular age-group of pupae 
Regression line 3 - percent females from the first day's 
emergence of a particular age-group 
of pupae 
12 
100 
90 
80 
70 
en 60 
u- 50 
30 
20 
D A Y S  
13 
regression is similar to that shown by line 1, where the males emerged in 
greater numbers early in the emergence period from pupae of equal age and 
the females gradually increased to outnumber the males in the latter part 
of the period. The percent of females from the first day's emergence of 
a particular age group of pupae is indicated by regression line 3- From 
any particular age group of pupae more females than males emerged on the 
first day. In other words, line 1 shows that there were more males than 
females during the first of the emergence period, line 2 shows that there 
were more male pupae than female pupae during the first of the period, 
and line 3 shows that female pupae matured faster than male pupae. 
Oviposit ion Cages 
There were three types of oviposit ion cages used in this study. Two 
of the types were made from quart and gallon ice cream cartons (Figures 5 
and 6). The bottom of the cartons were removed and replaced with 16-mesh 
wire screen and the inside of the cartons were also lined with this screen. 
This was done to prevent oviposit ion on the sides of the cages. The top 
of the lids were removed and replaced by 1/4-inch mesh hardware cloth. 
This was covered with a disc of waxed paper that served as an oviposition 
surface. A cap of fiberboard was used to keep the waxed paper in place. 
The other type of oviposition cage was used at the Corn Borer Investi­
gations Laboratory as their standard oviposition cage (Figure 7). These 
cages were constructed from wooden frames (25" x 12^" x 18") lined on the 
bottom and sides with 16-mesh wire screen. The top was made of 1/4-inch 
mesh hardware cloth. Waxed paper was placed over this and covered with a 
fiber mat. 
Figure 5. (upper left) Quart oviposition cage 
Figure 6. (upper right) Gallon oviposition cage 
Figure 7. (lower left) Standard oviposition cage 
Figure 8. (lower right) Arrangement of quart oviposition cages in 
incubator 
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Mating Experiments 
Several mating experiments were conducted prior to the irradiation 
studies. The purpose of these experiments was to establish a background 
knowledge concerning the effects of sex ratio, cage size, and age of the 
moths upon mating behavior. 
Effect of male populations on mating success 
Experiment no. I An experiment was designed to evaluate the 
effect of increasing the number of males in relation to a constant number 
of females as indicated by the percent of successful matings. Various 
sex ratios of newly emerged moths (0-24 hours old) were placed in quart 
oviposition cages and held for 3 days in an incubator (Figure 8) at 80° F. 
and 75-85 percent relative humidity. The experimental design was as fol­
lows: 46 cages of 1 male and 2 females, 33 cages of 2 males and 2 females, 
23 cages of 4 males and 2 females, and 16 cages of 8 males and 2 females. 
The criterion for successful mating was the presence of a spermato-
phore in the bursa copulatrix (Callahan 1958). The females were removed 
from the cages, dissected, and examined for spermatophores. The data 
revealed a relationship between the number of males and the percent of 
matings. An average of 6.5, 18.1, 46.5, and 62.5 percent of the females 
possessed spermatophores when the ratio of males to females was 1:2, 2:2, 
4:2, and 8:2, respectively. The data from this experiment have been sum­
marized in Table 2. Analysis of these data, as shown in Table 3, indi­
cated that there was a linear relationship between the ratio of males to 
females and the percent of females possessing spermatophores. This 
relationship was significant at the 1 percent level. 
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Table 2. Influence of sex ratios on the mating of the European corn 
borer in quart cages. Experiment no. 1 
Adults per caqe Females Spermatophores Females 
Ma 1 es Fema 1 es Caqes examined found mated 
Number Number Number Percent 
1 2 46 92 6 6.5 
2 2 33 66 12 18.1 
4 2 23 46 21 45.6 
8 2 16 32 20 62.5 
Table 3« Analysis of variance for Experiment no. 1 
Source d.f. S.S. M.S. F-testa 
Replication 5 1.0615 0.2123 
Treatment 3 2.3971 0.8224 
Linear 1 2.1027 2.1027 ** 
Quadratic 1 0.2721 0.2721 * 
Remainder 1 0.0223 0.0223 n.s. 
Replication x 
treatment 15 1.0341 0.0689 
Individual 94 4.5979 0.0489 
a ** = Significant at the 1 percent level 
* = Significant at the 5 percent level 
n.s. = Non-significant 
Experiment no. 2 This experiment was similar to Experiment no. 1. 
However, different ratios were used in the quart oviposition cages and 
there was no replication because of the limited supply of moths. Ratios 
of males to females were as follows: 4:2, 8:2, 12:2, 2:4, 4:4, 2:8, 
8:8, 2:12, and 12:12. 
The information summarized in Table 4 seemed to follow the trend 
indicated in Experiment no. 1, in that the higher ratios of males to 
females resulted in a greater percent of successful matings. 
18 
Table 4. Influence of sex ratios on the mating of the European corn 
borer in quart cages. Experiment no. 2 
Adu1ts per cage Females Spermatophores Females 
Males Females Cages examined found mated 
Number Number Number Percent 
4 2 1 2 1 50 
8 2 1 2 1 50 
12 2 1 2 2 100 
2 4 1 4 0 0 
4 4 1 4 1 25 
2 8 1 8 0 0 
8 8 1 8 2 25 
2 12 1 12 2 16.6 
12 12 1 12 3 25 
Miscellaneous mating experiments All of the following tests were 
conducted under conditions similar to those in the preceding experiments. 
They were performed to utilize the excess moths from other experiments and 
were not carried out at the same time. The following ratios of males to 
females were tested for the percent of successful matings: 9 cages of 4:4, 
1 cage of 8:1, 2 cages of 3:3» 4 cages of 8:4, 1 cage of 3:1» and 4 cages 
of 12:12. 
Table 5 lists the results of these experiments. Since these data 
were not suited to statistical analysis, they have been presented only as 
a possible guide to future research. However, the results seem to follow 
the same trend as in experiments no. 1 and 2. 
Effect of cage size on mating success (Experiment no. J) 
Newly emerged adults were placed in oviposition cages of three sizes 
to determine if cage size had an effect on the percent of successful mat­
ings. The criterion for successful matings was the same as in experiment 
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Table 5- Miscellaneous experiments on the effect of sex ratios on the 
mating of European corn borers in quart cages 
Adults per cage Females Spermatophores Females 
Males Females Cages examined found mated 
Number Number Number Percent 
4 4 9 36 12 33-3 
8 1 1 1 1 100 
3 3 2 6 1 16.6 
8 4 4 16 7 43.7 
3 1 1 1 0 0 
12 12 4 48 26 54.1 
no. 1. Adult moths in a 1:1 ratio (8 males to 8 females) were placed in 
quart, gallon, and standard type oviposition cages. The experiment was 
replicated five times. 
Of the 31 females examined from the quart mating cages, 21 had mated. 
Thirty-nine females from both gallon and standard mating cages were • 
examined and only 7 and 15» respectively, were found to possess spermato­
phores. The reason for this variation remained unexplained. On the basis 
of this test the quart cage appeared to be the most satisfactory and was 
used in most of the future experiments. The data from this experiment 
have been summarized in Table 6. 
Effect of age upon mating success (experiment no. 4) 
Since adult males are frequently observed in the field before fe­
males, an experiment was conducted to determine if the age of the moth 
affected the percent of matings. In this test either 24-48 hour old adult 
males and 0-24 hour old adult females, or 0-24 hour old males and 24-48 
hour old females were placed in quart oviposition cages. Nine cages of 
each of the age combinations were set up with eight males and eight 
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Table 6. Relation of cage size to the mating of the European corn 
borer. Experiment no. 3 
Females Spermatophores Females 
Cage size Cages examined found mated 
Number Number Number Percent 
Quart 4 31 21 67.7 
Gallon 5 39 7 17.9 
Standard 5 39 15 38.4 
females per cage. 
As shown in Table 7, approximately 38 percent of the females from 
both matings possessed spermatophores. This indicated that a difference 
of 1 day in the age of either sex had no effect on the percent of matings. 
Table 7. Age of moths and its relation to mating success. Experiment 
no. 4 
Age of moths 
Males Females Cages 
Females 
examined 
Spermatophores 
found 
Females 
mated 
Hours Hours Number Number Number Percent 
0-24 24-48 9 70 27 38.5 
24-48 0-24 9 71 27 38.0 
Irradiation Source 
A General Electric "Maxitron Two-Fifty" X-ray machine (Figures 9 and 
10) was used to irradiate the corn borers. The equipment was made avail­
able through the cooperation of Dr. John W. Gowen and was operated by 
Dr. Janice Stadler of the Genetics Department, Iowa State University of 
Science and Technology. The machine was operated at 250 pkv (peak kilo-
volts) and 30 ma (mi 11iamperes). There was a filtration of the longer 
X-rays by .25 mm. of copper and 1 mm. of aluminum. The distance from the 
Figure 9. Control panel of General Electric "Maxitron Two-Fifty" 
X-ray machine 
Figure 10. X-ray machine 
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source of the target was 25.8 cm. providing an average exposure rate of 
480-500r (roentgens) per minute. 
Adult Irradiation Experiments 
Only adult males (0-24 hours old) were irradiated. The males were 
anesthetized with carbon dioxide and transferred from the 2-ounce jars 
to irradiation chambers (Figure 11) made of perforated plastic tubes 
plugged with cotton. Between 8 and 17 adult males were placed in each 
tube, and at least one of the tubes of moths was always reserved as a 
control. After exposure, the treated males and untreated females were 
anesthetized and placed in oviposition cages. Each day after being 
placed in the cages the moths were sprayed with water and checked for 
mortality, egg production, and egg hatch. 
Effect of various X-ray doses on adult male ferti1ity 
Experiment no. 5 The following experimental design was used: 
X-ray: 250 pkv, 30 ma, .25 mm. of Cu and 1 mm. of AI * distance 
60.7 cm., rate 56r/minute 
Treatments: (adult males only) control, 2,500r, 5,000r, 7,500r, and 
10,000r 
Matings: in quart cages, 2 treated males plus 2 untreated females 
in each cage 
Replications: 6 cages of each treatment 
The data obtained from mating two untreated females with two males 
exposed to either 2,500r, 5»000r, 7,500r, 10,000r, or given no treatment 
are summarized in Table 8. Results showed that the percent of viable 
eggs was decreased by exposures to 5»000r, and 10,000r, but was increased 
Figure 11. Plastic vial used to contain male moths during 
i rradiation 
Figure 12. Plastic box used to contain pupae during i rradiation 
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Table 8. Effect of mating irradiated males with untreated females. 
Experiment no. 5 
Male Moths Eggs 
treatment Females Males Laid Hatched Hatched 
Number Number Number Number Percent 
Control 12 12 651 537 82.4 
2,500r 12 12 1389 1222 87.9 
5,000r 14 14 1009 526 52.1 
7,500r 12 15 399 367 91.9 
10,000r 12 13 1245 474 38.0 
by doses of 2",500r and 7»500r. The deviation from the expected percent 
of hatch in the 7,500r group was not explainable, unless this was the 
result of random error due to the small number of eggs laid. 
Experiment no. 6 The following experimental design was used: 
X-ray: 250 pkv, 30 ma, .25 mm. of Cu and 1 mm. of AI, distance 
25.8 cm., rate 490r/minute 
Treatments: (adult males only) control and 20,000r 
Matings: in quart cages, 2 treated males and 2 untreated females 
in each cage 
Replications: 4 cages of each treatment 
A comparison of the two groups of matings, one consisting of males 
exposed to 20,000r with untreated females, the other composed of untreated 
males and females, revealed a reduction of 75*3 percent in the viability 
of the eggs from the treated groups. The data are summarized in Table 9« 
Experiment no. 7 The following experimental design was used: 
X-ray: 250 pkv, 30 ma, .25 mm. of Cu and 1 mm. of A1, distance 
25.8 cm., rate 490r/minute 
Treatments: (adult males only) control, 10,000r, 30,000r, and 40,000r 
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Matings: in quart cages, 2 treated males and 2 untreated females 
. in each cage 
Replications: 4 cages of each treatment 
As shown in Table 10, exposure of male moths to 10,000r, 30,000r, 
and 40,000r resulted in 42, 0, and 0 percent egg hatch, respectively, 
after mating with untreated females. The females mated to untreated 
males produced 83.6 percent viable eggs. 
Table 9. Effect of mating irradiated males with untreated females. 
Experiment no. 6 
Male Moths Eqqs 
treatment Females Males Laid Hatched Hatched 
Number Number Number Number Percent 
Control 8 8 1735 1538 88.6 
20,000r 8 8 376 50 13.3 
Table 10. Effect of mating irradiated males with untreated females. 
Experiment no. 7 
Male Moths Eqqs 
treatment Females Males Laid Hatched Hatched 
Number Number Number Number Percent 
Control 8 8 404 338 83.6 
10,000r 8 8 145 61 42.0 
30,000r 8 8 100 0 0 
40,000r 8 8 646 0 0 
Experiment no. 8 The following experimental design was used: 
X-ray: 250 pkv, 30 ma, .25 mm. of Cu and 1 mm. of A1, distance 
25.8 cm., rate 490r/minute 
Treatments: (adult males only) control and 20,000r 
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Matings: in standard cages, 36 treated males and 16 untreated females 
in each cage 
Replication: 1 cage of each treatment 
In this experiment 16 untreated females, placed in a standard cage 
with 36 males which had been exposed to 20,000r, produced 2,346 eggs of 
which 9.4 percent hatched. Compared with the 87.1 percent hatch in the 
controls, this showed a reduction in the viable eggs of 77.7 percent due 
to the treatment of the males. The data obtained are summarized in Table 
1 1 .  
Table 11. Effect of mating irradiated males with untreated females. 
Experiment no. 8 
Male 
treatment 
Moths Eqqs 
Females Males Laid Hatched Hatched 
Number Number Number Number Percent 
Control 16 36 2261 1970 87.1 
20,000r 16 36 2346 221 9.4 
Experiment no. 9 The following experimental design was used: 
X-ray: 250 pkv, 30 ma, .25 mm. of Cu and 1 mm. of A1, distance 
25.8 cm., rate 490r/minute 
Treatments: (adult males only) control and 30,000r 
Matings: in standard cages ; 28 treated males and 20 untreated 
females in each cage 
Replication: 1 cage of each treatment 
Data summarized in Table 12 show that only 0.18 percent of the eggs 
hatched when 28 male moths were exposed to 30,000r and mated with 20 un­
treated females in a standard cage. Of an almost equal number of eggs 
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Table 12. Effect of mating irradiated males with untreated females. 
Experiment no. 9 
Male 
treatment 
Moths Eqqs 
Females Males Laid Hatched Hatched 
Number Number Number Number Percent 
Control 20 28 4720 3707 78.5 
30,000r 20 28 5030 9 0.18 
produced by the controls, 78.5 percent hatched. 
Experiment no. 10 The following experimental design was used: 
X-ray: 250 pkv, 30 ma, .25 mm. of Cu and 1 mm. of AI, distance 
25.8 cm., rate 500r/minute 
Treatments: (adult males only) control, 4,000r, 8,000r, l6,000r, and 
32,000r 
Matings: in quart cages, 12 treated males and 12 untreated females 
in each cage 
Replications: 7 cages of each treatment 
Examination of the data summarized in Table 13 indicated that as the 
dosage was increased there was a reduction in the percent of viable eggs 
produced. The experiment more closely estimated the dosage-response 
effect than previous experiments because of increased replications and the 
greater number of moths used. In matings containing male moths which had 
received no irradiation the percentage of egg hatch was 58.5» while mat­
ings of males exposed to 4,000r, 8,000r, l6,000r, and 3%,000r produced 
only 58.1, 44.5, 16.4, and 0.4 percent egg. hatch, respectively. 
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Table 13. Effect of mating irrad iated males with untreated fema1 es. 
Experiment no, . 10 
Male Moths Eqqs 
treatment Females Males Laid Hatched Hatched 
Number Number Number Number Percent 
Control 76 84 1083 634 58.5 
4,000r 64 72 3356 1951 58.1 
8,000r 76 84 4053 1805 44.5 
I6,000r 76 84 2477 407 16.4 
32,000r 76 84 2750 11 0.4 
Effect of various ratios of irradi iated males to untreated males (exberi-
ment no. 1 "I ) 
X-ray: 250 pkv, 30 ma, .25 mm. of Cu and 1 mm. of A1, distance 
25.8 cm., rate 480r/minute 
Treatments: (adult males only) control and 32,000r 
Matings: in quart cages, 8 untreated females in each cage plus 12 
untreated males or one of the following combinations of 
males: 8 untreated and 4 treated, 6 untreated and 6 
treated, 4 untreated and 8 treated, or 12 treated 
Replications: 7 cages of each combination 
Data from this experiment, as summarized in Table 14, indicated that 
an increase in the ratio of irradiated males to untreated males and 
females resulted in a reduction in the percent of viable eggs. A ratio 
of 8 irradiated males to 4 untreated males to 8 untreated females 
resulted in 39 percent of the eggs hatching, as compared to 63 percent 
in the untreated controls, and 1.1 percent in the irradiated controls. 
31 
Table 14. . Variation in the ratios of irradiated males to untreated males 
and females and its influence on egg viability. Experiment 
no. 11 
Moths Eqqs 
Treatment Females Males Laid Hatched Hatched 
Number Number Number Number Percent 
8 untreated females 
12 untreated males 
56 84 7131 4473 62.7 
8 untreated females 
8 untreated males 
4 treated males 
56 84 6557 3779 57.6 
8 untreated females 
6 untreated males 
6 treated males 
56 84 7753 3468 44.7 
8 untreated females 
4 untreated males 
8 treated males 
56 84 5693 2242 39.4 
8 untreated females 
12 treated males 
56 84 5211 57 1.1 
Pupal Irradiation Experiments 
Corn borer pupae of approximately equal ages were irradiated in small 
plastic boxes (Figure 12) and transferred to individual 2-ounce jars. 
Equal numbers of pupae were kept as controls. The newly emerged adults 
(0-24 hours old) were anesthetized with carbon dioxide and placed in 
quart oviposition cages. Each cage contained adults of one sex which had 
been treated and the opposite sex which had received no treatment. The 
cages were sprayed daily with water and checked for mortality, egg pro­
duction, and egg hatch. 
Effect of îrradiating young (48-72 hour old) pupae (experiment no. 12) 
X-ray: 250 pkv, 30 ma, .25 mm. of Cu and 1 mm. of A1, distance 
25.8 cm., rate 480r/minute 
Treatments: (pupae of both sexes 48-72 hours old) control, 2,500r, 
5,000r, 6,000r, 7,000r, and 7,500r 
Matings: in quart cages, untreated males and treated females, 
treated males and untreated females, and untreated males 
and untreated females; number of moths varied 
Replicat ions: unequal 
Table 15 shows the results obtained when 48-72 hour old pupae were 
irradiated and later mated to untreated adults. The percent of eggs 
which hatched was reduced by an increase in the X-ray dose. For example, 
when male pupae were exposed to 2,500r the percent hatch was 69.9, and 
when the dose was increased to 7,000r only 49.9 percent of the eggs 
hatched. At all doses tested the percent of egg hatch was greater from 
matings with treated males than with treated females. Matings containing 
male pupae exposed to 2,500r resulted in 69.9 percent egg hatch while the 
same dose applied to female pupae resulted in 40.4 percent hatch. 
Effect of irradiating older (144-168 hour old) pupae (experiment no. 13) 
X-ray: 250 pkv, 30 ma, .25 mra. of Cu and 1 mm. of A1, distance 
25.8 cm., rate 480r/minute 
Treatments: (pupae of both sexes 144-168 hours old) control, 5>000r, 
and 7,500r 
Matings: in quart cages, untreated males and treated females, 
treated males and untreated females, untreated males and 
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Table 15. Effect of irradiating young (48-72 hour old) pupae. Experi­
ment no. 12 
Moths Eqqs 
Treatment Females Males Laid Hatched Hatched 
Number Number Number Number Percent 
Untreated females 
2,500r males 
35 48 5113 3573 69.9 
Untreated females 
5,-000r males 
43 56 6179 3944 63.8 
Untreated females 
6,000r males 
16 16 1393 380 27.3 
Untreated females 
7,000r males 
13 13 683 341 49.9 
Untreated females 
Untreated males 
55 64 7905 6539 82.7 
2,500r females 
Untreated males 
28 36 2693 1087 40.4 
5,000r females 
Untreated males • 
36 44 2535 401 15.8 
6,000r females 
untreated males 
16 16 1221 94 7.7 
untreated females; number of moths varied 
Replications: unequal 
There was a decrease in the percent of eggs which hatched when 
either sex of pupae was exposed to a higher dose of radiation. Matings 
consisting of male pupae exposed to 5>000r showed 58.2 percent hatch, and 
matings of female pupae exposed to the same dose showed 14.4 percent egg 
hatch while 7>500r male pupae matings resulted in 52.3 percent hatch and 
7,500r female pupae produced only 9.8 percent viable eggs. Data from 
this experiment have been summarized in Table 16. 
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Table 16. Effect of irradiating older (144-168 hour old) pupae. Experi­
ment no. 13 
Moths Eggs 
Treatment Females Males Laid Hatched Hatched 
Number Number Number Number Percent 
Untreated females 
Untreated males 
16 23 1883 1422 75.5 
Untreated females 
5iQ00r males 
16 23 2295 1336 58.2 
Untreated females 
7,500r males 
16 18 2179 1140 52.3 
5,000r females 
Untreated males 
8 12 778 112 14.4 
7,500r females 
Untreated males 
16 23 1503 148 9.8 
Effect of irradiating pupae of various ages (experiment no. 14) 
X-ray: 250 pkv, 30 ma, .25 mm. of Cu and 1 mm. of A1, distance 
25*8 cm., rate 490r/minute 
Treatments: (pupae of both sexes irradiated with 5>000r) age of pupae . 
varied from 0-24 hours, 24-48 hours, 48-72 hours, 72-96 
hours, 96-120 hours, 120-144 hours, and 144-168 hours 
Matings: in quart cages, treated males and untreated females, 
untreated males and treated females, and untreated males 
and untreated females; number of moths varied 
Replications: unequal 
Table 17 indicates that, in general, younger pupae showed a lower 
percent of egg hatch than older pupae after exposure to X-rays. It was 
also evident that matings of treated female pupae produced fewer viable 
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Table 17. Effect of irradiating pupae of various ages. Experiment 
no. 14 
Age of pupae 
at treatment 
Adults Eaas 
Females Males Laid Hatched Hatched 
Hours Number Number Number Number Percent 
Check males + females 5 5 570 412 72.3 
144-168 females 16 16 1926 668 34.7 
males 16 16 2312 1768 76.5 
120-144 females 24 24 2996 801 26.7 
males 24 24 5050 2671 52.9 
96-120 females 24 24 4510 682 15.1 
males - 24 24 2313 1281 55.4 
72-96 females 15 15 1968 564 28.6 
males 16 16 2134 828 38.8 
48-72 females 21 21 1136 66 5.8 
males 30 30 3625 1683 46.4 
24-48 females 9 9 96 0 0 
males 7 7 1013 480 47.4 
0-24 males + females 8 8 0 0 0 
eggs than those of treated male pupae. 
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DISCUSSION 
Normal Adult Emergence 
Assuming that the data summarized in Table 1 were representative of 
pupation and emergence under natural conditions, one might expect the 
following to occur in the field: (l) The first day that adult moths 
emerged in the spring, about 50 percent would be females, in contrast to 
the data of Vinal and Caffrey (1919). (2) After the first day of emer­
gence, there would be a greater probability that the males would out­
number the females in each day's emergence during the early part of the 
season with a gradual shift to more females as the season progressed, in 
agreement with Vinal and Caffrey (1919). (3) The sex ratio of the moths 
would probably be closer to 57 percent males and 43 percent females than 
the 50-50 ratio described by Vinal and Caffrey (1919) and Stirrett (1938). 
Fecundity of the European Corn Borer 
Under laboratory conditions which prevailed during this study, 
European corn borers had a poor to moderate fecundity level. Results 
from mating studies showed only 67.7 percent of the females mated in cages 
containing eight males and eight females. Also, only 58-88 percent of the 
eggs deposited by females in the control matings hatched. This lack of 
mating among some of the females and the high percent of sterile eggs 
normally deposited by the mated females indicated that the moths did not 
reach their full reproductive potential under existing laboratory condi­
tions. For example, if one assumed that every female in the population 
mated, and that all of the eggs deposited were fertile and developed into 
adults, a population of 100 females, which deposited 100 eggs each, would 
produce 10,000 moths for the next generation. However, using the results 
obtained in this study, only 67 percent of the females would be mated and 
58-88 percent of their eggs would hatch; thus, resulting in a population 
of from 3,886-5,963 moths in the next generation. 
Effect of X-ray Exposure on the European Corn Borer 
The passage of ionizing radiations, such as X-rays, through matter 
displaces electrons and causes changes within the matter (Lea 1956). If 
this matter is sperm, the changes which take place are in the chromosomes 
(Whiting 1946). Since chromosomes may be regarded as compact bundles of 
chromatin within which genes are embedded, an alteration in the structure 
of a vital gene will produce a lethal effect (Gowen and Gay 1933). An 
egg fertilized by a sperm carrying a dominant lethal will, by definition, 
not give rise to an adult organism. Most of the deaths usually occur 
in the embryonic state and are expressed as a reduction in the number of 
eggs which hatch (Lea 1956). If a plot of the percent of egg hatch versus 
dosage results in a curve which is Iinëar on a logarithmic scale, it is 
probable that a single ionization caused the effect studied (Lea 1956). 
Exposure to X-rays of adult corn borer sperm resulted in a reduc­
tion of the percent of eggs which hatched. The percent of eggs which 
hatched was plotted on semi-logarithmic paper against the X-ray dose 
which the sperm received (Figure 13), and the resulting dosage-response 
curve was initially linear with an increased gradient shown at higher 
doses. A curve of this type suggested that the lower doses produced a 
"single-hit" effect while the higher doses produced a "multiple-hit" 
effect. This same type of dosage-response curve was evident in studies 
Figure I). Dosage-response curve for percent of eggs hatched after 
irradiation of male moths 
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using Drosophila (Catcheside and Lea 1945). 
Data from several sources on the percent of eggs which hatched 
after exposure of the sperm of various insects to ionizing radiations 
have been compiled in Table 18. A comparison of the dosage-response 
curves (Figure 14) plotted from some of these data indicated that the 
corn borer was more resistant to the effects of radiation, in this 
respect, than the other insects. An interesting observation noted in 
this figure was the similarity of the dosage-response curves for insects 
within the same order. The shape of the curves for the four species of 
Diptera was similar even though there was a difference in the dose 
required to produce the same response. The two species of hymenoptera 
showed an even closer relationship to each other and the effects pro­
duced by irradiation were more gradual than those expressed by most of 
the Diptera. 
Examination of data summarized in Table 19 showed that irradiated 
male corn borers survived approximately as long as the untreated males 
in the same experiments. The average length of life of the males, both 
treated and untreated, was 7-8 days, which was shorter than the 13 days 
reported by Vinal and Caffrey (1919)• However, since the irradiated males 
compared favorably with the untreated males under laboratory conditions, 
it is possible that their survival in the field would also compare fav­
orably with natural males. 
From the data obtained during this study it was evident that adult 
male corn borers could be "sterilized" by exposure to doses of. 32,000r 
or above. At this dose 1 percent or less of the eggs hatched from matings 
with untreated females. The sterilized males could also compete with 
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Table 18. Comparison of the effect of irradiation on the percent of egg 
batch in several insects 
Author(s) Date Insect Dose 
Percent 
hatch 
Catches i de 1945 Drosophila melanoqaster Control 96.5 
and Lea 1124r 82.5 
2240 r 61.6 
4490r 41.6 
9030r 3-7 
1I420r 1.1 
Bushland and 1951 Callitroqa hominivorax 1500r 70 
Hopkins 2500r 10 
5000r <1 
Rhode et_ al_. 1961 Anastrepha ludens Control 73-6 
lOOOr 66.7 
2000 r 2.4 
3000r 0.1 
Dav i s et aK 1959 Anopheles auadrimaculatus Control 100 
1500r 100 
2500 r 100 
5000r 89 
8865 r 0 
Park et al. 1958 Tri bolium confusum Control 71 
2000r 41 
3000r 32 
4000r 18 
5000r 14 
Heidenthai 1945 Habrobracon sp. Control 91.5 
1500r 60.9 
3000 r 41.0 
4500r 34.3 
Lee 1958 Apis mel1i fera Control 92.1 
500r 84.2 
lOOOr ~ 74.7 
1500r 57.6 
2000r 44.5 
2500r 38.2 
Howden 1957 Onthophaqus texanus 5000r 0 
Howden and 1958 Troqoderma sternale 5000r 0 
Auerbach 
Cole et al. 1959 Pediculus humanus humanus 75000r 0 
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Table 18. (Continued) 
Author(s) Date Insect Dose 
Percent 
hatch 
Jaynes and 1957 Pissodes strobi 
Godwin 
Potts 1958 Glossina mors i tans Control 78.la 
6x103 R.e.p. 21 
5000r 8-13 
aPercent potent males 
normal males for the virgin females as indicated by the reduction in the 
percent of egg hatch shown in Figure 15. When the sterilized males out­
numbered the untreated males eight to four, there was 39 percent egg 
hatch. A similar ratio of sterile to normal males in experiments with 
the screwworm resulted in about two-thirds reduction of the viable eggs 
(BushIand and Hopkins 1951). 
Irradiation of both sexes of corn borer pupae resulted in a reduction 
of the percent of eggs which hatched (Figure 16). The data indicated that 
for the same dose there was more reduction shown by the females than by 
the males. A difference in the response of sexes to. irradiation was also 
observed in the screwworm (Bushland and Hopkins 1951) and Drosophila 
(Gowen and Stadler 1952). The percent of egg hatch varied with the age 
of the pupae exposed to 5>000r (Figure 17), younger pupae being more sus­
ceptible to irradiation than older pupae. Similar results were not clear 
in work with the screwworm since the data were erratic and in many cases 
the difference within replications was greater than between treatments 
(Bushland and Hopkins 1953). 
Exposure to 5>000r of 0-24 hour old pupae resulted in 50 percent 
Figure 14. Comparison of dosage-response curves from several insects 
1. Anastrepha ludens (Rhode et al. 1961) 
2. Callitroga hominivorax (Bushland and Hopkins 1951) 
3. Tribolium confusum (Park et al. 1958) 
4. Api s me11i fera (Lee 1958) 
5. Habrobracon sp. (Heidenthal 1945) 
6. Anopheles quadrimaculatus (Davis et al. 1959) 
7. Drosophîla melanogaster (Catcheside and Lea 1945) 
8. Ostrinia nubilalis (data from adult irradiation experiments) 
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Table 19. Survival of irradiated European corn borer males 
Number of adults surviving days after irradiation and mating 
Male 
1 ? 7 9 11 
Experiment treatment F. M.a F. M. F. M. F. M. F. M. F. M. 
5 Control 12 12 8 8 5 6 2 2 2 0 
2,500r 12 12 10 6 10 4 3 0 3 0 
5,000r 14 14 14 10 12 6 7 5 3 0 
7,500r 12 15 8 9 7 7 5 1 ' 1 0 
10,000r 12 13 10 8 10 5 8 1 4 0 
6 Control 8 8 7 7 5 4 0 0 
20,000r 8 8 8 7 6 1 2 0 
7 Control 8 8 6 5 5 3 2 2 1 0 
10,000r 8 8 7 1 4 0 1 0 0 0 
30,000r 8 8 6 1 4 0 1 0 0 0 
40,000r 8 8 6 6 5 1 4 0 1 0 
8 Control 16 36 16 36 9 24 0 0 
20,000r 16 36 16 33 12 10 0 0 
9 Control 20 28 19 27 16 21 1 2 
30,000r 20 28 19 25 18 20 2 1 
10 Control 76 84 72 73 69 60 63 45 59 25 44 13 
4,000r 64 72 63 68 60 66 54 45 46 33 27 16 
8,000r 76 84 72 83 70 78 65 62 60 50 50 21 
I6,000r 76 84 73 74 72 59 65 44 58 31 48 17 
32,000r 76 84 69 76 66 65 62 45 52 26 44 15 
aF.= female, M.=male 
Figure 15. Effects of increasing the ratio of irradiated males to 
untreated males on the percent of eggs hatched. (Eight 
females in each cage.) 
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Figure 16. Effect of irradiation of male and female pupae on egg 
hatch. (48-72 hour old pupae) 
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Figure 17. Effects of the age of either male or female pupae when 
exposed to 5»000r of X-rays 
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deformity, while exposure of 24-48 hour old pupae to the same dose re­
sulted in only 21 percent malformed individuals (Figures 18 and 19). 
However, pupae exposed to 5>000r which were older than 24-48 hours showed 
little malformation (Figure 20). Table 20 summarizes the data obtained 
on adult emergence after exposing pupae to various doses of X-rays. 
These data agree, in general, with those obtained by Bushland and Hopkins 
(1951> 1953) on the screwworm. 
Figure 18. (upper left) Deformities in adults resulting from exposure 
of young pupae to irradiation 
Figure 19. (upper right) Deformities in adults resulting from exposure 
of young pupae to irradiation 
Figure 20. (lower left) Comparison of deformed and normal adults 
Figure 21. (lower right) Normal European corn borer adults 
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Table 20. Summary of adult emergence after irradiation of European corn borer pupae 
Pupae Normal Deformed Adults 
Age when adults adults partially Dead 
Experiment Treatment treated Treated emerqed emerqed emerqed pupae 
Hours Number Number Number Number Number 
12 Control 48-72 168 159 2 2 5 
2,500r 120 110 4 4 2 
5,000r 160 151 1 5 3 
6,000r 40 36 2 1 1 
7,000r 40 27 6 5 2 
7,500r 80 41 20 15 4 
13 Control 144-168 58 54 1 2 1 
5.000r 58 54 1 3 0 
7,500r 58 54 2 2 0 
14 Control 
5,000r 144-168 40 37 3 0 0 
120-144 80 77 2 1 0 
96-120 80 74 3 0 3 
72-96 60 53 2 3 2 
48-72 50 47 0 1 2 
24-48 33 26 2 2 3 
0-24 60 26 29 3 2 
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SUMMARY AND CONCLUSIONS 
It has been shown by this study that male moths can be "sterilized" 
by exposure to 32,000r and that these males could compete with untreated 
males for virgin females under laboratory conditions. The survival of 
irradiated males was comparable to untreated males under the same con­
ditions. When pupae were exposed to X-rays there was a reduction in the 
percent of eggs which developed, although a "sterility" level was not 
achieved in this series of experiments. Emergence from irradiated pupae 
was satisfactory at doses less than 6,000r when the pupae were over 2 days 
old at the time of treatment. 
Evaluation of this study indicated the following conclusions con­
cerning the utilization of "sterile-males" as a possible method of con­
trolling the European corn borer: 
(1) One day old male moths can be "sterilized" by exposure to 32,000r. 
(2) "Sterile-males" competed equally with untreated males for virgin 
females under laboratory conditions, indicating similar results 
might be obtained under field conditions. 
(3) If the irradiated males outnumbered the normal males in nature 
2 toi, laboratory results indicated that it might reduce the 
number of viable eggs by 39 percent. 
(4) Because of erratic results obtained with irradiated pupae, the 
use of irradiated adults would be preferable in future research. 
(5) The cost of treating large numbers of moths by X-rays would be 
economically unsound. A cobalt^® source would be desired for 
any large scale tests. 
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In general, the use of irradiated male adults for controlling the 
European corn borer is promising enough to warrant further re­
search in small isolated fields, providing that methods are 
developed for easy rearing, maintenance, and treatment of large 
numbers of moths. 
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